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RESEARCH ARTICLE
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Abstract
Garlic contains various nutrients and healthful ingredients. The content of garlic products is closely related to their
processing methods, and each compound has speciﬁc biological effects. Allicin, a heat labile compound, is considered
the most important factor in garlic. Garlic powder is commonly prepared by subjecting raw garlic to thermal processing
before being grounded into powder,and it is of interest to compare the biological activity of garlic powder with raw
garlic in ﬁsh. This study investigated immune effects of raw garlic and garlic powder on groupers (Epinephelus coioides).
Although raw garlic and garlic powder did not promote growth performance of groupers, they increased groupers’
survival after ﬁsh were challenged with Vibrio alginolyticus, especially for ﬁsh receiving 80 g raw garlic/kg diet. The
results indicated that phagocytosis, superoxide anion, and superoxide dismutase activity were signiﬁcantly enhanced in
groupers fed with diets containing raw garlic, and to a lesser extent in ﬁsh received garlic powder. No signiﬁcant differences were found between different treatments in terms of serum albumin concentration or albumin/globulin ratio.
Serum globulin concentration was temporarily enhanced in the groupers fed with 10 g raw garlic/kg diet or 10 g garlic
powder/kg diet. These data suggest that diets with raw garlic and garlic powder could enhance nonspeciﬁc immune
response of grouper and improve its resistance against V. alginolyticus and that immune effect of raw garlic is superior to
that of garlic powder.
Keywords: Grouper, Garlic, Immunostimulants, Vibrio alginolyticus

1. Introduction

G

roupers are high-value and commonly
cultured ﬁsh in aquaculture. The number of
grouper species is approximately 160, including
Epinephelus salmonoides, Epinephelus fario, Epinephelus malabaricus, Epinephelus coioides, Cromileptes
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altivelis, and Epinephelus tauvina et al. [1]. E. coioides is
extensively cultured in Taiwan. Because of high
density farming, pathogen spread rapidly and
caused severe economic losses [2].
Diseases in aquaculture animals are mostly
controlled using antibiotics and other drugs resulted
in pathogens developing resistance to antibiotics
and in drug residue in the animals [3]. Many
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countries or regions, including Japan, the United
States, and the European Union, have been implementing stricter controls on the quality, hygiene,
and safety of aquatic products. Therefore, the use of
antibiotics and other drugs is gradually eliminated
[4]. The ﬁsh immune system can be divided into
nonspeciﬁc and speciﬁc elements [5]. The nonspeciﬁc immune mechanism is the ﬁrst defense against
foreign pathogens. Immunostimulants including
nutritional factors, bacterial preparations, polysaccharides, extracts of animal or plant source, cytokines or chemical agents [6] could enhance
effectively nonspeciﬁc immune responses and
resistance to infectious diseases in aquatic animals
[7e9]. Furthermore, the application of immunostimulants can reduce reagent use and prevent reagent
residue [10,11].
Garlic contains various nutrients, such as lipids,
proteins, vitamins, and many minerals. In addition,
garlic contains beneﬁcial and healthful ingredients,
such as lectins, prostaglandins, adenosine, biotin,
nicotinic acid, fatty acids, glycolipids, phospholipids,
anthocyanins, ﬂavonoids, phenolics, and essential
amino acids [12]. Numerous studies have indicated
that garlic affects diverse physiological mechanisms,
including enhancing antioxidant, antibacterial effects
and improving immunity in aquatic animals [13e17].
Diets containing garlic powder could also enhance the
immunity of Labeo rohita, providing greater resistance
to Aeromonas hydrophila infection [13]. Enriching the
diets of E. coioides and Rachycentron canadum with
garlic powder could enhance their growth performance and counteract Streptococcus iniae infection in a
short feeding period [18,19]; however, the potential
impacts of long-term dietary garlic supplement on the
modulation of innate immune factors and growth
performance were not properly investigated in
grouper. Furthermore, allicin (diallyl-dithiosulﬁnate)
is considered the most important compound in garlic,
but it is also known to be unstable in the presence of
heat [20]. As the garlic powder is commonly prepared
by subjecting raw garlic to thermal processing before
being grounded into powder, it is of interest to
compare the biological activities in ﬁsh between the
supplement of garlic powder and raw garlic. Vibriosis
is a common pathogen in aquaculture and could affect
all stages of ﬁsh development. Vibriosis leads 50%
mortality for ﬁsh, and Vibrio alginolyticus is a serious
pathogen [21]. Accordingly, the current study examined the immunomodulatory ability of raw garlic or
garlic powder on grouper and identiﬁed the protective
effects of these supplements as prophylactic agents
against Vibrio alginolyticus infection. The current
ﬁndings have implications for the optimization of
grouper aquaculture.

2. Materials and methods
2.1. Experimental animals
The groupers E. coioides used in the experiment
was obtained from the commercial ﬁsh farm.
Groupers were acclimatized in the laboratory for
about 1 week and were fed twice daily with commercial ﬁsh feed before the experimentation. The
temperature and salinity conditions of water were
maintained at 28 ± 1  C and at 34 ± 1‰.
2.2. Diet preparation
Fresh garlic (Allium sativum) was purchased from a
local market in Keelung, Taiwan. The garlic was
cleaned, peeled, and sliced at room temperature.
Two forms of garlic were prepared: raw and powder. For the raw form, the garlic was crushed using a
homogenizer. For the powder form, the garlic was
oven dried at 45  C for 24 h and ground to obtain
powder. For each experiment, the commercial feed
was crushed using a homogenizer and mixed
directly with garlic to achieve 10, 40, and 80 g of raw
garlic or garlic powder per kg of feed. The feed of
control group contained no garlic. The composition
of commercial feed was listed in Table 1. The diet
was reformed using a spaghetti squash machine and
stored at 4  C until use.
2.3. Growth performance
A total of 315 groupers (4.38 ± 0.41 g) were
randomly allocated into 21 tanks for 7 groups in
triplicate (45 ﬁsh per group). Group 1 was the control group. Groups 2, 3 and 4 received 10, 40 and 80 g
of raw garlic per kg feed weight, respectively.
Groups 5, 6, and 7 received 10, 40, and 80 g of garlic
powder per kg feed weight, respectively. The diets
were provided at 3% of body weight twice daily. The
uneaten feed was collected for the calculation of
feed intake. Data on growth performance was
Table 1. Ingredient composition of the commercial feed.
Ingredient

Composition (%)

ﬁsh meal
eel mealb
vitamin premixc

87
10
3

a

ﬁsh meal: crude protein 75%, crude lipid 10%.
eel meal: crude protein 45%, crude lipid 3%, crude ﬁber 1.2%,
Ash 16.5%, moisture 11%, phosphorous 2%.
c
Vitamin premix b-carotene 0.1 gm, calciferol 0.5 gm, vitamin E
2.5 gm, vitamin K 0.1 gm, thiamin HCL 1.5 gm, riboﬂavin 3 gm,
pyridoxine HCl 0.6 gm, vitamin B12 2 mg, nicotinic acid 10 gm,
ascorbic acid 10 gm, folic acid 0.3 gm, biotin 5 mg, calcium
pantothenate 4 gm, inositol 10 gm, PABA 5 gm.
a

b
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recorded regularly every 2 weeks by weighing and
measuring individual ﬁsh from each tank during the
8-week feeding trial. The amount of feeding diet was
adjusted according to the weight of grouper every 10
days. Growth performance and feed utilization were
calculated as follows:
weight gain (%) ¼ ((ﬁnal ﬁsh weight [g]  initial ﬁsh
weight [g])/initial ﬁsh weight [g])  100%. Feed
conversion ratio (FCR) ¼ food consumption (g)/
(ﬁnal weight [g]  initial weight [g]). Survival rate
(SR, %) ¼ (ﬁnal ﬁsh number/initial ﬁsh
number)  100%.
2.4. Challenge test
The healthy groupers (3.5 ± 0.2 g) were divided
into 7 groups, with 3 replicates of 10 ﬁsh in each
group. The groups were the same as those deﬁned
in Growth performance section. The diets were
provided at 3% of body weight twice daily. The
isolation and injection method for V. alginolyticus
were conducted in accordance with the procedure
described by Lee (Lee et al., 2020). The bacteria were
prepared to a ﬁnal concentration of 2.5  109 cfu/
mL. The groupers were fed with experimental diet
for 8 weeks and then challenged with 20 mL V.
alginolyticus through intraperitoneal injection. The
groupers of Group 1 (control) were challenged with
20 mL phosphate-buffered saline (PBS). The number
of surviving ﬁsh in each group was recorded over an
observation period of 10 days. SR of challenge test
was calculated as follows: SR (%)¼ (number of
survived ﬁsh after injection/number of injected
ﬁsh)  100%.
2.5. Nonspeciﬁc immune response
A total of 215 groupers (100 ± 5 g) were randomly
allocated into 7 groups. The groups were the same
as those described in Growth performance section.
The diets were administered at 3% of body weight
twice daily. Immune parameters were determined
for 7 periods, with sampling occurring at 0, 2, 4, 8,
16, 24, and 30 days after dietary administration in
each treatment group. Sampling in each treatment
group involved the use of ﬁve groupers as replicates. The indicator of immune parament was
determinant.
2.5.1. Leukocyte isolation
Isolation of leukocytes was performed according
to the method of Santar
em and Figueras [22]. The
head kidney was dissected in petri dishes with
Hanks’ balanced salt solution (HBSS). The dissected
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cells were passed through a 100-mm ﬁlter, and then
slowly loaded onto the surface of Percoll (Pharmacia, USA) gradient solution in a 15-mL centrifuge
tube. The cells were centrifugated at 400g for
40 min at 4  C. The leukocytes were isolated and
collected at 30% and 50% Percoll density gradients
and then washed three times using HBSS. The
concentration of the leukocyte solution was adjusted
to 5  106 cells/mL in HBSS.
2.5.2. Phagocytosis
The detection of phagocytosis rate (PR) and
phagocytic index (PI) was performed as previously
described [23]. A portion (200 mL) of the leukocyte
solution (5  106 cells/mL) was seeded on glass
slides for 90 min at 30  C and then washed with
HBSS. The cells were incubated with 200 mL of
ﬂuorescence beads (5  107 beads/mL, SigmaeAldrich) at room temperature for 60 min in the
dark. The slides were washed with HBSS, and the
cells were ﬁxed with 100% methanol for 5 min. The
slides were stained with 5% Giemsa for 20 min and
washed with ddH2O. Finally, the slides were
observed under a microscope. PR and PI were
calculated using the following formulas, respectively: PR (%) ¼ (number of phagocytic cells/number of observed cells)  100% and PI ¼ (number of
ingested beads in observed phagocytic cells/number
of observed phagocytic cells).
2.5.3. Respiratory burst experiment
The leukocytes’ superoxide anion (O
2 ) production
was quantiﬁed according to the reduction of nitroblue tetrazolium (NBT) to formazan. A portion
(100 mL) of the leukocyte solution (5  106 cells/mL)
was seeded in 96-well microplates and centrifuged
at 300g for 20 min at 4  C. The supernatant was
removed, and the leukocytes were treated with
100 mL of 0.3% NBT solution for 30 min at room
temperature. Next, the NBT solution was removed,
and 100 mL of 100% methanol was added to stop the
reaction. The microplates were washed three times
with 100 mL of 70% methanol, and air dried. The
formazan was dissolved by adding 120 mL of 2 M
KOH and 140 mL of dimethyl sulfoxide. The optical
density at 630 nm was measured using an enzymelinked immunosorbent assay reader.
2.5.4. SOD
The liver was homogenized with buffer (1% PBS,
0.3% Triton X-100, 1% glycerol, and 97.7% distilled
water). The lysis buffer was centrifuged at 800g for
20 min at 4  C. The middle layer was collected and
stored at 80  C for analysis. Protein concentration
was determined according to the method of
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Bradford. For the measurement of superoxide dismutase (SOD) activity, the RANSOD kit (Randox)
was used. SOD activity was calculated as follows:

groups and the control group. Long-term garlic
feeding also did not affect the SR.
3.2. Susceptibility of grouper to V. alginolyticus
infection

A/min of standard or sample ¼ (A2  A1)/3

△

Inhibition (%) ¼ 100  (△Astd/min  100/△Astd/min
or sample min)  100%
2.5.5. Serum collection
Blood was collected using a l-mL syringe with a
25G needle and transferred to a 1.5-mL tube. The
tube was subsequently maintained at 4  C overnight
and centrifuged at 7000 rpm for 25 min. The upper
layer (serum) was collected and stored at 80  C for
subsequent analysis.
2.5.6. Serum total protein, albumin, globulin
Serum total protein and albumin were measured
using a biochemical analyzer (Roche Cobas Mira).
Globulin was determined using the following
formula:
globulin ¼ serum total proteinalbumin
2.6. Statistical analysis
Statistical analysis was performed using IBM
SPSS Statistics package 22.0 (SPSS Inc.). p < 0.05 was
considered as a signiﬁcant difference as the result of
the One-way ANOVA with a subsequent Duncan's
multiple range test.

3. Results
3.1. Effect of raw garlic or powder supplementation
for 8 Weeks on growth performance
The observed weight gain, feed conversion rate,
and SR are presented in Table 2. The data indicated
that weight gain and feed conversion rate were not
signiﬁcantly different between the experimental

Groups fed with raw garlic exhibited signiﬁcantly
enhanced resistance to V. alginolyticus in a dosedependent manner (Fig. 1). Except for the group fed
with 40 and 80 g raw garlic/kg diet, no signiﬁcant
difference was observed between other experimental
groups and control group. However, the groupers
fed with 80 g raw garlic/kg diet had the highest SR
after being challenged with V. alginolyticus.
3.3. Effect of feeding raw garlic or powder on
nonspeciﬁc immune response
Figure 2 showed the PRs. On day 2, treatment
with 10, 40, and 80 g raw garlic/kg diet signiﬁcantly
increased the PR. On day 4, the PRs in the groups
fed with 10, 40, and 80 g raw garlic/kg diet and in
those fed with 40 and 80 g garlic powder/kg diet
were signiﬁcantly increased. On day 8, the PRs in
all treatment groups were signiﬁcantly higher than
that of the control group. On day 16, the PRs in the
groups fed with 10 and 40 g raw garlic/kg diet and
in those fed with 40 g garlic powder/kg diet
increased signiﬁcantly. On day 24, the administration of 10 g raw garlic/kg diet and 40 and 80 g
garlic powder/kg diet signiﬁcantly enhanced PR
compared with the administration of the remaining
treatments. On day 30, the groups fed with 40 and
80 g garlic powder/kg diet exhibited signiﬁcantly
increased PRs compared with the remaining
treatment groups. Additionally, the group fed with
80 g raw garlic/kg diet had the highest PR on day 2,
and the group fed with 10 or 40 g raw garlic/kg diet
had the highest PR on day 8. Overall the groups of
garlic powder gradually increased PR during
feeding trial period.

Table 2. Mean initial weight, ﬁnal weight, percent weight gain, food conversion ratio, and survival rate of groupers (E. coioides) fed diets with various
concentrations of raw garlic and garlic powder for 8 weeks.
Treatment

Dose (g/kg diet)

Initial weight (g)

Control

0
10
40
80
10
40
80

4.38
4.38
4.38
4.38
4.38
4.38
4.38

Raw garlic

Garlic powder

±
±
±
±
±
±
±

0.41a
0.41a
0.41a
0.41a
0.41a
0.41a
0.41a

Final weight (g)
22.61
23.45
22.36
23.60
23.77
23.52
22.85

±
±
±
±
±
±
±

1.46a
1.42a
1.13a
0.37a
1.40a
0.24a
2.94a

Weight gain (%)
416.18
435.41
410.55
438.71
442.62
436.97
421.61

±
±
±
±
±
±
±

33.22a
32.46a
25.80a
8.37a
31.90a
5.38a
67.13a

FCR
0.90
0.89
0.92
0.86
0.88
0.88
0.91

Survival rate
±
±
±
±
±
±
±

0.05a
0.06a
0.01a
0.03a
0.03a
0.02a
0.11a

100
100
100
100
100
100
100

Data in the same column with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Data are presented as
mean ± standard deviation.
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Fig. 1. A Survival of groupers (E. coioides) fed diets with various concentrations of raw garlic and garlic powder for 8 weeks and challenged with V.
alginolyticus. Bars with different superscripts are signiﬁcantly different in comparison with each other ( p < 0.05). Each bar represents the mean value
of three replications with the standard deviation (10 groupers per replication).

Figure 3 lists the results of PI. On day 2, the group
fed with 80 g raw garlic/kg diet had the highest PI
and higher signiﬁcantly than other treatments and
control group. On day 4, treatment with 10, 40, and
80 g raw garlic/kg diet signiﬁcantly increased the PI.
On day 8, the PI was signiﬁcantly increased in the
groups fed with 10, 40, and 80 g raw garlic/kg diet
and in those fed with 40 and 80 g garlic powder/kg
diet. On day 16, treatments with 10 g raw garlic/kg
diet and 80 g garlic powder/kg diet exhibited a
signiﬁcantly enhanced PI. On day 24, PI of ﬁsh fed
with 10, 40 and 80 g raw garlic/kg diet and 40 and

80 g garlic powder/kg diet were signiﬁcantly
increased. On day 30, no signiﬁcant difference in PI
was noted among the groups. Additionally, ﬁsh fed
with 40 and 80 g raw garlic/kg diet had the highest
PI on day 8, and ﬁsh fed with 10 g raw garlic/kg diet
had the highest PR on day 16. The highest PI of ﬁsh
that ingested 10, 40 or 80 g garlic powder/kg diet
were found on day 16 (Fig. 3).
The O
2 production rates of groupers fed with the
test diets are presented in Fig. 4. On day 2, the O
2
production rates in the groups fed with 10, 40, and
80 g raw garlic/kg diet were signiﬁcantly higher

Fig. 2. Phagocytic rate of leukocytes of groupers (E. coioides) fed diets with different concentrations of raw garlic and garlic powder during the culture
period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the mean value of ﬁve
replications with the standard deviation (1 grouper per replication).
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Fig. 3. Phagocytic index (latex beads/cell) of leukocytes of groupers (E. coioides) fed diets with different concentrations of raw garlic and garlic powder
during the culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the mean
value of ﬁve replications with the standard deviation (1 grouper per replication).

than that in the control group. On day 4, treatments
with 10, 40, and 80 raw garlic g/kg diet and 80 garlic
powder g/kg diet signiﬁcantly increased the O
2
production rate. On day 8, O
2 production increased
signiﬁcantly in the groups fed 10, 40, and 80 raw
garlic g/kg diet and those fed 10 and 80 garlic
powder g/kg diet. On day 16, the groups fed 10, 40,
and 80 raw garlic g/kg diet and that fed 40 garlic
powder g/kg diet exhibited signiﬁcant increases in
O
2 production compared with the control and the
remaining groups. Additionally, the O
2 production
rate was signiﬁcantly higher than the control group
on day 24 and 30, while ﬁsh fed with 40 g raw garlic/

kg diet. However, the O
2 production rate of grouper
fed with 10, 40 and 80 g garlic powder/kg diet were
signiﬁcantly higher than the control group on day
2,16 and 30, respectively.
The SOD activity results showed no signiﬁcant
differences was found between control group and
treatment groups on days 2, 4 and 16 (Fig. 5).
Treatments of 10,40 and 80 g raw garlic/kg diet
signiﬁcantly enhanced its SOD activity on day 8, 24
and 30. No signiﬁcant difference was found in
groupers fed with garlic powder at all dosage during
the experimental period, while compared with the
control group.

Fig. 4. Superoxide anion production ratio in leukocytes of groupers (E. coioides) fed diets with different concentrations of raw garlic and garlic powder
during the culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the mean
value of ﬁve replications with the standard deviation (1 grouper per replication).
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Fig. 5. Superoxide dismutase activity (U/mg protein) in the liver of groupers (E. coioides) fed diets with different concentrations of raw garlic and
garlic powder during the culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar
represents the mean value of ﬁve replications with the standard deviation (1 grouper per replication).

For albumin concentrations (Fig. 6) and the albumin/globulin (A/G) ratio (Fig. 7), the results
revealed no signiﬁcant difference between control
group and treatment groups. For globulin concentrations (Fig. 8), no signiﬁcant difference was
observed between the control group and treatments
except for groupers fed with 10 g garlic powder/kg
diet and 10 g raw garlic/kg diet during the experimental period. The globulin concentration in groupers fed with 10 g garlic powder/kg diet and 10 g

raw garlic/kg diet were higher signiﬁcantly than the
control group on day 4 and 8, respectively.

4. Discussion
Many immunostimulants have been proven to
effectively enhance the growth performance and
immunity of ﬁsh. Garlic as a feed additive can
promote the growth performance of grouper (E.
coioides) [18], sea bass (Lates calcarifer) [24], rainbow

Fig. 6. Albumin (g/dl) in the serum of groupers (E. coioides) fed diets with different concentrations of raw garlic powder and garlic powder during the
culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the mean value of ﬁve
replications with the standard deviation (1 grouper per replication).
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Fig. 7. Albumin/globulin ratio (A/G) in the serum of groupers (E. coioides) fed diets with different concentrations of raw garlic powder and garlic
powder during the culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the
mean value of ﬁve replications with the standard deviation (1 grouper per replication).

Fig. 8. Globulin (g/dl) in the serum of groupers (E. coioides) fed diets with different concentrations of raw garlic powder and garlic powder during the
culture period. Data with different letters are signiﬁcantly different ( p < 0.05) among different treatments. Each bar represents the mean value of ﬁve
replications with the standard deviation (1 grouper per replication).

trout (Oncorhynchus mykiss) [14], and cobia (R. canadum) [19]. However, in this study, no growth promoting effect was seen in the groupers that were
continually fed with raw garlic or garlic powder for 8
weeks at doses ranged from 10 to 80 g/kg diet. The
discrepancy on growth performance between the
present and previous studies may be due to the age
and species being studied, feeding period, and the
concentration of additive used [25]. It is worthy to
note that long term dietary ingestion of garlic supplemented feed had no negative impacts on the
growth or SR of grouper regardless the dose and the

additive processing methods used, suggesting garlic
is safe to be used as feed additive for grouper
culture.
Various opportunistic pathogens exist in the
environment, including V. alginolyticus, bacteria,
fungi, and protozoan, which can cause disease when
the environment deteriorates or the pathogens
multiply in the host [26]. The host's immune system
attacks these pathogens, and many immunostimulants have been identiﬁed to enhance the diseaseﬁghting ability of the host's immune system. A garlic
powderesupplemented diet in L. rohita juveniles
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effectively counteracted A. hydrophila infection [13].
A garlic-supplemented diet in E. coioides reduced
their mortality after they were challenged by S. iniae
[18]. The results of the current study revealed that
SR of groupers fed with 40 and 80 g raw garlic
powder/kg diet for 8 weeks had increased signiﬁcantly after being challenged with V. alginolyticus.
Furthermore, the effect of raw garlic was greater
than that of garlic powder.
Phagocytosis is a critical nonspeciﬁc immune
mechanism in ﬁsh, and it is a major defense
mechanism for removing foreign pathogens [27].
When phagocytosis is triggered, the host produces
numerous free radicals such as O
2 [28]. The direct
participation of free radicals is as a protective
mechanism against pathogens, but free radicals may
cause damage to the host itself. Therefore, SOD is
generated to remove or convert free radicals to
reduce oxidative stress [29]. Supplementation with
garlic powder can signiﬁcantly enhance the phagocytic capacity of macrophages in L. rohita [13]. In
addition, garlic-supplemented feed could enhance
the lysozyme activity of leukocytes in rainbow trout
(O. mykiss) [14] and female guppy (Poecilia reticulata)
[17]. The similar immunity-boosting effects in this
study indicate that the addition of raw garlic and
garlic powder to diets can effectively activate the
nonspeciﬁc immune response of groupers.
Garlic contains many sulfur compounds,
including alliin, allicin, diallyl sulﬁde, and S-allyl
cysteine [12], which have immunomodulatory effects. The content and concentration of sulfur compounds in garlic products are closely related to their
processing methods and preparation conditions
[16], and each compound has speciﬁc biological effects [30,31]. In this study, the trend and the level of
the induction on PR, PI and superoxide anion production were different between groups supplied
with raw garlic or garlic powder supplemented
diets. For example, ﬁsh that fed with 80 g raw garlic/
kg diet showed earlier induction and the highest
rate of phagocytosis on day 2, but ﬁsh that received
the same dose of garlic powder reached the highest
level of PR at the last time point examined (day 30).
Similarly, the PI of ﬁsh fed with raw garlic and garlic
powder at the same dose of 80 g/kg diet were
recorded on day8 and 16, respectively. This phenomenon was further exempliﬁed in the O
2 production. In the group of feeding with the highest
dose of garlic, a sharp induction of O
2 production
was noted on day 2. While ﬁsh was given raw garlic
supplemented feed, the garlic powder group
reached the top level until day 8. Moreover, the SRs
of ﬁsh fed with raw garlic were higher than those of
ﬁsh fed with garlic powder after being challenged
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with V. alginolyticus. Therefore, garlic can enhance
the immune function of groupers and then improve
their disease resistance, but the bioactive components (e.g. allicin) in garlic are heat labile and
cautious should be taken in the garlic additive
preparation. In addition, all immune indicators were
improved after feeding with the diet containing
garlic during early sampling times, but not at late
time points such as days 24 and 30. The phenomenon could be due to the “immunomodulation” [32].
Continued immunostimulation may cause inﬂammation, thus immunomodulation will be carried out
to maintain homeostasis [33]. However, groupers
fed with the containing garlic diet for 8 weeks have
high SR after vibrio injection. The result identiﬁed
that garlic could activate grouper's immune system
for longer feeding period.
The proteins in blood can be divided into two
major groups: albumin and globulin. Albumin,
mainly synthesized by the liver, helps maintaining
the osmotic pressure of blood [34]. Globulins, produced by the liver or the immune system, are
involved in immune mechanisms and transports
substances. The A/G ratio is an indicator of immune
status, and a high ratio suggests health problems in
the organism [35]. In the current study, the A/G
ratio observed for the raw garlic and garlic powder
groups did not differ signiﬁcantly compared to the
control group, suggesting these treatments had no
obvious negative impacts on maintenance of homeostasis of the ﬁsh.

5. Conclusion
This study demonstrated that garlic-containing
diets could enhance the nonspeciﬁc immune
response of groupers. Although garlic supplementation did not increase growth performance, the ﬁsh
fed with garlic had an enhanced ability to resist V.
alginolyticus infection. Furthermore, raw garlic had a
greater effect in grouper's than garlic powder did.
Therefore, we recommend using raw garlic to achieve economic beneﬁts, and application of garlic in
aquaculture can reduce antibiotic use and increase
aquatic product safety.
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